The Tharsis province of Mars is a broad region characterized by anomalously elevated topography, a positive free-air gravity anomaly, and extensive volcanic and tectonic activity. The evolution of this region has spanned up to 4 b.y. of Martian history. The traditional explanation of the Tharsis province is that uplift of the lithosphere caused by a thermal, chemical, or dynamical anomaly in the Martian mantle or crust led to lithospheric fracturing and to the later volcanic emplacement of thin plains units and large shields. By this explanation the majority of the topographic anomaly is due to uplift. The stress field predicted for lithospheric uplift, however, does not match the generally radial trends of observed extensional fractures. Strictly thermal or compositional explanations for the support of the Tharsis rise encounter problems with the magnitude and duration of the required lateral variations in mantle density. For these reasons, we propose a new model for the origin and evolution of the Tharsis province which emphasizes that the topography of Tharsis may be produced largely by construction, rather than uplift. The model is based on the premise that the elastic lithosphere of Mars was laterally heterogeneous early in Martian history; such heterogeneity is discernible later in Martian history from the variable tectonic response of the lithosphere to local surface loads. Stress due to both global and local causes was concentrated in zones of thin lithosphere, including at least a portion of the Tharsis region. As a result, fracturing was also concentrated in such zones and favored localization of volcanism by providing access to the surface for mantle-derived magma. The heating associated with volcanism maintained the lithosphere locally thin, so that further fracturing and volcanism were concentrated in the same area. The Tharsis rise was thus built primarily by volcanic construction. Most visible tectonic features, by this model, were produced by the response of the lithosphere to loading, not by uplift. Early in the history of Tharsis the lithosphere responded to volcanic loading by nearly local isostatic compensation, while later additional loads have been partly supported by the finite strength of the globally thick elastic lithosphere of Mars. This mechanism for the evolution of Tharsis led to permanent topographic and gravity highs and a greatly thickened crust in the Tharsis region. A major advantage of the model is that no anomalous dynamical or chemical properties need to be sustained in the Martian mantle beneath Tharsis for billions of years. The mantle beneath Tharsis would thus play a passive rather than an active role in the regional volcanic and tectonic activity, much like the role of the mantle beneath major midocean ridges on earth. This and other models for the origin and evolution of the Tharsis province can be further tested by establishing the detailed chronology of tectonic features in the region.
INTRODUCTION
The Tharsis province of Mars, by virtue of its large scale and its complex and extended history of volcanic activity [Carr, 1974; Wise et al., 1979a] , is a focal point for discussions of Martian geological evolution. Approximately 8000 km in diameter and occupying an area equal to 25% of the surface area of Mars, the Tharsis region is marked by a broad topographic rise standing as much as 10 km above the surrounding terrain. A positive gravity anomaly coincides with the long-wavelength topographic high [Christensen and Balrnino, 1979] . Swarms of extensional fractures and graben
The elastic lithosphere of Mars throughout much of its
history has been heterogeneous in thickness (i.e., in temperature). Stress due to both global and local causes was concentrated in zones of thin lithosphere, foremost among which was (perhaps a small fraction of) the Tharsis region. This led to the concentration of fracturing in such areas.
2. Intense fracturing was conducive to localized volcanism. The heating associated with volcanism maintained a locally thin elastic lithosphere, insuring that further fracturing and volcanism would be concentrated in the same area.
3. The topographic relief of Tharsis was produced primarily by volcanic construction. The response of the Martian lithosphere to volcanic loads involved nearly local isostatic compensation by crustal subsidence during the early history of the Tharsis province when the Martian lithosphere was relatively thin. The response of the cooler and thicker lithosphere to later additions of volcanic material involved regional subsidence and global support by lithospheric strength.
By the scenario for Tharsis evolution proposed here, there is no need to postulate a chemical or dynamical anomaly persistent for billions of years in the mantle beneath the Tharsis rise. Tharsis is thus, by this explanation, a Martian analog to the 'passive mantle' class [Seng6r and Burke, 1978] of terrestrial rifts. Tharsis is seen to be an extrapolation to larger scale of such geological processes as volcanic loading and lithospheric flexure and failure seen in a number of areas on Mars [Solomon et al., 1979; Comer et al., 1980] and on the moon [Solomon and Head, 1980a] . The distribution of tectonic features and the Tharsis gravity anomaly are both consistent with this proposed model for Tharsis evolution. Among the implications of the model are a volcanic origin for much of the ancient cratered terrain beneath the younger volcanic plains--and in some areas exposed at the surface--of the Tharsis topographic rise and a total thickness of volcanic deposits beneath Tharsis substantially in excess of the present 10 km of broad-scale relief.
GEOLOGICAL EVOLUTION OF THAR$1S
As a prelude to a fuller discussion of the processes responsible for the origin and evolution of the Tharsis province, a brief summary is given of the volcanic and tectonic history of the area. The Tharsis region of Mars has experienced a large number of diverse volcanic and tectonic events spread over an interval of time spanning billions of years. Detailed descriptions of aspects of this geologic history have been provided by Carr [1974 Carr [ , 1981 [1980, 1981a] . Only the Elysium region of Mars displays volcanic and tectonic features broadly similar to those of Tharsis, though on a reduced scale [Carr, 1973; Malin, 1977] . A generalized geological map of the Tharsis province [Scott and Carr, 1978] [Wetherill, 1975] . By this hypothesis the large impact basins and the cratered uplands of Mars are 3.8 billion years or greater in age, and the volcanic northern plains are younger in age. The Tharsis province (Figure 1) straddles the boundary between the geologically distinct hemispheres.
Volcanic history. The oldest major geologic units in the Tharsis area with surface features (wrinkle ridges and apparent flow scarps) indicating a probable volcanic origin are the cratered plateau material of Scott and Carr [1978] , also termed the plateau plains by Wilhelms [1974] and by Greeley and Spudis [1978, 1981] . Numerous mountainous features in cratered plateau units to the south and southwest of the younger volcanic plains of the central Tharsis region have been identified from Viking images as volcanic constructs by Scott and Tanaka [1981b] . Cratered plateau units were formed contemporaneously with the end of heavy impact bombardment and postdate the topographically more rugged hilly and cratered material, held by Scott and Carr[1978] to be the oldest extensively exposed surface material on Mars. The geological processes forming the hilly and cratered material cannot be discerned through the overprinting of the heavy bombardment. The volcanic cratered plateau material occurs extensively throughout the southern uplands [Scott and Carr, 1978; Spudis, 1978, 1981] The absolute ages of surface units on Mars may be estimated, in principle, from the density of impact craters. Such estimates are not completely reliable, however, because of the large uncertainty in the history of the Martian impact flux [e.g., Wetherill, 1974] . Even if the flux were known precisely, these estimates would have uncertainties associated with nonvolcanic obliteration processes, such as erosion or eolian deposition [e.g., Jones, 1974] , and with the tendency for thin surface units to hide only partly the rims of Topography and gravity. The topographic and gravity anomalies of the Tharsis province are important elements of the regional geological history. These anomalies, it should be emphasized, reflect only the present structure of the Tharsis province and have likely evolved over geologic time. Topographic maps for Mars have been produced by the U.S. Geological Survey (USGS) from a combination of data from earth-based radar altimetry, spacecraft occultations, Mariner 9 ultraviolet and infrared spectrometers, and spacecraft imaging [Wu, 1978] . These maps are traditionally referenced to an equipotential surface of fourth order and degree; this surface has 2 km of relief along the Martian equator, with the highest elevation centered on the Tharsis province [Wu, 1978] 
UPLIFT MODELS FOR THARSIS
There are several ways to distinguish among the models proposed to account for the geological evolution of the Tharsis province, including the deep regional structure and the nature of the isostatic compensation of topographic relief. The most straightforward distinction is based on the origin of the broad topographic rise. Most models for Tharsis fall into two classes in this regard. In the first class of models, the topographic rise is produced primarily as a result of uplift of the surface by processes in the crust or mantle, and the rise is currently supported by an underlying column of anomalously low density material. In the second class of models, the topographic high is principally the result of volcanic construction, and the rise is partially supported by lithospheric strength. Models invoking a combination of uplift and construction, of course, may also be postulated. We discuss the uplift model first, because all published geological discussions of Tharsis evolution have been based either explicitly or implicitly on variations of this model. Below we shall argue that volcanic construction of the majority of Tharsis topography, including the lithospheric response to the emplacement of volcanic material, fits the available geological and geophysical observations for Tharsis better than models in which topography has been produced primarily by uplift.
In 
ASSESSMENT OF THE UPLIFT MODELS
Any physical model for the origin and evolution of the Tharsis province must account for the geological history of the region. In particular, the model must be consistent with the ages and distribution of volcanic units and tectonic features as well as with the present topographic and gravity anomalies. While this information is not su/ficient to specify a unique scenario for the development of the Tharsis province, it is su/ficient to demonstrate several di/ficulties for the uplift model as a primary explanation for the history of Tharsis. We discuss these di/ficulties under three categories: (1) the stress distribution associated with uplift and its relationship to observed fault patterns, (2) the consequences of a thermal mechanism for crustal uplift, and (3) the consequences of a compositional mechanism for crustal uplift.
Stress. As was noted above, the radial pattern of exten- The regions on Mars of locally thinnest elastic lithosphere, and by implication of greatest near-surface thermal gradients, are thus also the regions of most recent major volcanic activity and the centers of the best developed fracture systems. The moon similarly displays contemporaneous heterogeneities in lithosphere thickness and near-surface thermal gradients that correlate strongly with tectonic and volcanic activity [Solomon and Head, 1980a ] and, at earlier times, with the extent of ring development in multiring basins and the subsequent viscous relaxation of basin topographic relief [Solomon et al., 1982] . We believe that lithospheric heterogeneity on Mars played an essential role in the development and sustained activity of the Tharsis province.
THARSIS AS A CONSEQUENCE OF LITHOSPHERIC FAILURE AND VOLCANIC CONSTRUCTION
In view of the ditficulties encountered by the various uplift models for the origin and evolution of the Tharsis province, we have been led to propose an alternative physical model [Solomon and Head, 1980b ] that is compatible with the geological history of the region, the pattern of tectonic features, and the present topographic and gravity anomalies. [Solomon, 1978] and changes in lithospheric shape associated with changes in spin rate [Melosh, 1977] 
